Geomorphological, geological and engineering geological information is used as the base data to characterize the subsurface condition and for sustainable urban planning and development of the rapidly expanding Mymensingh city. Extensive field work has been completed to get the realistic scenario, data and samples have been collected from surface and subsurface with auguring and geotechnical boring. The laboratory tests have been performed following standard laboratory procedures. Geomorphologically the area is broadly classified into Older Floodplain or Mymensingh Terrace and Younger Floodplain. These two flood plains are separated by Old Brahmaputra River. Geologically the area is mainly covered by the recent alluvial flood plain deposits which are underlain by the Pleistocene Madhupur clay deposits. The Younger Flood Plain deposit consists of mainly unconsolidated fine to medium sands with some silt and clay whereas the Older Flood Plain deposits are mainly consisting of silty clay and fine to medium sand. Moderately compacted sediments of older flood plain deposit are suitable for urban development. Based on geotechnical characteristics and the N values (blow counts of Spontaneous Penetration Test, SPT) of the subsurface sediments, the study area is classified into four Engineering Geological Units. Unit I indicates loose soil and is suitable for shallow foundation. Unit II is indicating compact soil packing; N value of these two units increase with depth and would be good for heavy foundation. Unit III is suitable for shallow structures. Unit IV, which is composed of mostly clay, silty clay and sand with highly compressive organic clay, is recommended to avoid any heavy construction and could be used as open place, water retaining zone etc. Beside the geological and engineering geological study details hydrology and hydrogeological and a systematic study on seismic hazards are strongly recommended before planning of urban area.
Introduction
The need and importance of geological and engineering geological information and their role in urban planning have been highlighted with many examples from around the world (e.g. Berhane, 2012 [1] ; Anderson, 2006 [2] ; Bathrellos et al., 2008 [3] , 2011 [4] ; De Abreu and Filho, 2011 [5] ; Legget, 1973 [6] ; Pueyo-Anchuela et al., 2011 [7] ; El May et al., 2010 [8] ; Culshaw and Price, 2011 [9] ). In Bangladesh the practices of using geological and engineering geological study before urban planning were ignored in past decades. Nowadays, the need for geological studies of the ground before initiating large-scale works is fully recognized after experiencing some bad incident for example in 2005 a nine-story commercial building collapsed (Spectrum garment factory) in Savar Upazila of Dhaka, an eight-story commercial building (Rana plaza) failures at Saver in 2016, a 4-story building collapsed at Begunbari of Dhaka in 2006 points to the necessity of the study of subsurface soil condition and other geological condition before planning of engineering construction. Now, the requirements of geological and engineering geological data are an obligatory part of engineering practice. However, Mymensingh is one of the fastest growing city of Bangladesh which is close to the capital Dhaka and is developing rapidly both industrially as well as agriculturally. In fact, Mymensingh City can be a home of daily Dhaka going people. The aim of the study is to provide geomorphological, geological and engineering geological data prior to develop Mymensingh city plan. For proper urban planning of the city these sub-surface parameters of the area could help for the future detail planning of the Mymensingh as mega city. This would ultimately reduce the population pressure on the Dhaka City.
The study area overlies the eastern part of the Indian Plate, which is subducting beneath the Eurasian plate to the north and being over ridden by the Burma plate to the east (Alam, 2008) [10] . A major expression of the movement is the Dauki fault, which separates the rapidly subsiding Sylhet trough, and the rapidly rising Shillong massif and Tertiary rocks that are being thrust south up into the Sylhet trough. The Burma plate impinging on the Sylhet trough from the east has produced the accurate pattern forming the Indo-Burma Ranges and the Tripura-Chittagong fold belt; deformation is propagating westward. Geophysical studies (Seeber and Armbrewster, 1981) [11] show that the folds continue north in the subsurface to the structural zone of the Dauki fault. According to the Coleman (1969) [12] the Brahmmaputtra was flowing southeast at the north end of the Madhupur tract emptied into the Meghna river before a major earthquake occurred in 1762. The study area lies south of the west end of the Shillong massif between the Sylhet trough to the east and the Jamuna River to the west (Figure 1 ). The study discloses the general geomorphology, geological and engineering geological characteristics of Mymensingh city and adjoining areas. The purpose of the study is to fulfill the requirements of geological, geomorphological and geotechnical data for urban planner as well as the engineers, urban geologists, policy makers for sustainable environmental management and future perspective planning of the city. To conduct the laboratory investigation and determine the plastic and liquid limits of fine-grained soil standard, procedures described in ASTM 4318 were The presence and percentage of organic matters were calculated with visual inspection during field work. The presence of organics in soils is generally associated with high compressibility, significant secondary compression, often unsatisfactory strength characteristics, and low unit weight.
Methods of Study
SPT or blow counts were retrieved from the daily log prepared by the site geologists and recorded in paper to conduct geoengineering investigation. SPT (standard penetration test) or N (blow counts) was performed by using a 64 kg 
Geological Analysis
Mainly, the entire area is broadly divided into Older Floodplain Deposits and Younger Floodplain Deposits. After that, classification and characterization of these two units was carried out details. The geological subunits have been established on the lithological characteristics gathered through auger hole and the bore logs; distributed over different geological and geomorphological units. The study reveals that the area is covered by the recent alluvial flood plain deposits which are underlain by the Pleistocene Madhupur Clay deposits. Based on the lithological properties, a geological map and a cross-section have been drawn along A-B line at north-south direction (Figure 3 
Old Flood Plain Deposits (Mymensingh Terrace)
Bar deposit of older flood plain mainly consists of alteration of very fine sand, medium sand, sandy silt and clayey silt deposit along the river channel. Medium sand are light gray in color, sub rounded to rounded having mica which percentages are about 5%. Very fine to fine sands are grey in color with presence of mica (1% to 5%). Clayey silts are greyish brown colored, slightly oxidized; rootlets are found in this bed (Figure 4(b) ).
On the other hand, natural levee deposits are sequences of cyclically bedded, fining upward beds into silty clay to clay. The basal bed of each natural levee deposits is of more or less 2 m thick fine sand bed which is followed by 3 to 8 m thick light olive brown to greenish black silty clay and light bluish grey clay to 
Younger Flood Plain Deposits
The Figure 6 (e)). Based on the sediments types, it has been observed that levee and flood plain deposits are loosely compacted. Abandoned channel deposit is mainly consisting of fine sand at the bottom followed by very fine sand and silty clay on top. Fine sands are dark greenish grey to moderate yellowish brown in color with 5% -10% mica. Very fine sands and silty clays are dark greenish grey colored having more or less 5% mica and iron concentration (Figure 6(f) ). Unconsolidated sands of these deposits are not suitable for heavy foundation.
Engineering Geological Analyses
Engineering geological map (Figure 7 ) is mainly based on geology, geomorphology and geotechnical characteristics of soil of the area. In most cases, similar sediments/rocks types are grouped into one unit. In some cases, similar sediments/rocks types but specifically different geomorphology is also classified into different units. N-value are determined for each unit by standard penetration test (SPT) boring up to 30 meters and some geotechnical laboratory tests of collected samples were done.
In this investigation, 20 borehole logs have been prepared. Based on physical properties, homogeneity and geotechnical behavior of sediments, the study area is classified into four engineering geological units. indicates medium to dense packing of soil could be used as moderate foundation. to 83% and clay 0% to 50%. Natural moisture content ranges from 19.03% to 34.36%. Liquid limit, plastic limit and plasticity index of this unit range from 35% to 55%, 24.42% to 32.15% and 5.58% to 26.45% respectively it is medium to highly plastic with an average specific gravity of 2.41. 
Unit-IV

Conclusions and Recommendation
The present study is on geomorphologic, geologic and engineering geological parameters which are very much crucial to be considered prior to any urban planning. Lack of such adequate data during planning and early stages of site investigations for specific urban structure e.g. building, bridges, roads, utility supply systems, etc. leads to significant damages and failure of structures, cost derived reparations of the structure and reclamation of the natural environment. Open Journal of Geology
Mymensingh could be a great urban area if an urban planner considers and values these data and takes appropriate engineering measures where necessary. Old flood plain and natural levee areas are composed mainly of silty sand and sand which are mainly the washed sediments of adjacent Madhupur Tract formation having high N value could be appropriate for heavy structure. In addition, older flood plain is comparatively elevated than Younger flood plain. Sediments are more compacted in Old flood plain compared to Younger flood plain area as well which could be considered as the suitable place for constructing any structure. On the other hand, in Younger flood plain sandy sediments are mainly very fine to medium; geotechnically, these very fine sands are very loose to loose in nature having N-value ranges from 2 to 10. Medium sands are characterized as dense to very dense sand having N-value 29 to 50. These areas are suitable for shallow structures. Some depressions are found in older flood plain. It is recommended to avoid development and expansion of the city towards areas of depression covered by black organic clay deposits and in the areas of new bar deposit along the north eastern part of Brahmaputra River. These depressions including flood basin and abounded channel could be used as open place, park or site for playground with light structures or as water retaining zone.
The city is located near two of the strong seismic source i.e. Dauki Fault on the north and Madhupur fault on the south. A systematic study is recommended on seismic hazards. The planning of urban development based on the micro zoning maps and probable earthquake scenarios would decrease the probable earthquake damages. In the planning and the design of new settlement areas and the environment with current settlement, every stage of the plan geological data is required for the reduction of urban earthquake risks. In the process of creating earthquake resistant safe cities, geophysical survey and micro zoning mapping along with geological and geotechnical investigations play key role in the integration of hazard mitigation precautions to planning.
As the study area is bounded by the Brahmaputra on the north eastern part and Sutia and Barrera, the distributaries of Brahmaputra River on the south west part are the major sources of water supply. Apart from this there are many Bils (perennial lakes) on the flood basin and depressions which could be a good source of surface water. Ground water table are encountered between 0.66 m to 4.75 m. Water logging is a common phenomenon in the Mymensingh Pouroshava areas. In general, a good internal drainage system of the study area should be constructed following the natural slope of the area and will have provisions to connect the adjacent river. Drainage system of the area will be synchronized to avoid water logging inside the area. The existing ground of the low area should be raised above the flood level of 1998 flood; not disturbing the natural water flow.
Development of a systematic multidisciplinary database aided by Geographic
Information system (GIS), with continuous monitoring and updating of data is also highly recommended and will be useful for rational planning further refined of the planning of the city. 
